ABSTRACT Objective: To investigate whether the circadian rhythm disruption following the transition into and out of daylight saving time (DST) is associated with an increased risk of spontaneous delivery.
INTRODUCTION
What initiates human parturition remains one of the important and unanswered questions of reproductive epidemiology. 1 Emerging, though not consistent, evidence suggests a role for stress hormones, placental corticotrophin releasing hormone in particular, in the initiation of human parturition. 2 3 Sleep deprivation and circadian disruption may elevate stress hormone levels 4 5 and may induce proinflammatory activity, [6] [7] [8] whichthrough a feedforward mechanism-potentiate the effect of prostaglandins and oxytocin on uterine contractions, 2 3 rupture of membranes and the onset of spontaneous labour. We are only aware of one study that investigated whether disturbed sleep may trigger spontaneous delivery. 9 It reported a 4.5-fold increased risk of disturbed sleep in the 24 hours before the onset of spontaneous preterm delivery compared to the control period 48-72 hours earlier. 9 To what extent the association between sleep disturbance and the acute increased risk of preterm delivery was due to reverse causation-that is, that prodromal symptoms of delivery impaired sleep-could not be determined. 9 The transitions into and out of daylight saving time (DST) , that is, the switch of the clocks forward by 1 hour in the spring and backward by 1 hour in the autumn, may be regarded as natural experiments that allow Strengths and limitations of this study ▪ The transitions into and out of daylight saving time (DST) disrupt the circadian rhythm and may be regarded as natural experiments that allow studying the effect of externally induced minor sleep disturbances on the cascade of events that may lead to spontaneous delivery. ▪ This was the first study to investigate whether the risk of spontaneous delivery increases in the days following the change to and from DST. ▪ The coverage of our study population, the Swedish Medical Birth Register, is virtually complete, statistical power is enormous and we had the possibility to separate spontaneous from medically indicated deliveries. ▪ Since information on sleep quantity and quality prior to delivery is not recorded, we do not know to what extent each studied woman was actually affected by the DST transition. ▪ Our findings may be generalised only to populations living at similar latitudes and with comparable sleep habits to those of the women included in our study.
studying the effect of externally induced minor sleep disturbances on health. 10 11 These transitions disrupt the circadian rhythm and may induce adverse changes in sleep quality and quantity that persist for several days; 10 12-18 for most individuals the alignment to the new time takes up to 5-7 days, 10 12 13 though there is some individual variation in adjustment. 10 16 Several studies suggest that DST transitions may impair mood 19 and may increase the short-term risk of acute myocardial infarction, 11 20-23 accidents and injuries. 17 24-28 However, other investigations found no effect of DST shifts on seeking care for psychiatric conditions, 29 30 risks of accidents or injuries. [30] [31] [32] [33] It has been hypothesised that the transition into DST is more disruptive on the circadian rhythm than the transition out of DST. 16 18 The turn of the clocks forward in the spring results in a shortening of the day with 1 hour and may result in reduced sleep. 14 17 The turn of the clocks backward during the autumn increases the length of the day and may be accompanied by longer sleep, though empirical evidence suggests that this does not necessarily happen. 10 A misalignment between the individual's biological clock and the social clock (a delay in the biological clock after the spring transition and a phase advance after the autumn shift) may be present following both shifts. 12 16 18 In line with this hypothesis regarding dose-response effects, several studies found stronger effects of the DST shift on sleep quality, 16 18 acute myocardial infarction 11 20 22 or accidents and injuries 17 26 28 in spring than in autumn. Nevertheless, other studies, the majority investigating risk of injuries or accidents following DST transitions, found no effects 23 28 31-33 or no difference in effects between shifts. 21 25 34 To the best of our knowledge, the effect of the DST shifts on the onset of spontaneous delivery has not been investigated. We used information from the Swedish Medical Birth Register to analyse whether the risk of spontaneous delivery increases in the days following the change to and from DST.
METHODS

Data source
We used information on births recorded in the Swedish Medical Birth Register during 1993-2006 (n=1 350 229). The register contains information on almost 99% of all deliveries in the country since 1973. 35 Mode of delivery onset is recorded in checkboxes since 1990 as (1) caesarean section before onset of labour, (2) induced labour because of maternal or fetal concerns or (3) spontaneous onset of labour. Deliveries with spontaneous onset of labour or with a diagnosis of preterm premature rupture of membranes were considered spontaneous; diagnoses of preterm premature rupture of membranes were identified using the International Classification of Diseases 9th revision code 658B and 10th revision code O42, respectively. 
Exposure
Spring shift: We defined the spring exposure period as the first 7 days after the turn of the clocks 1 hour forward, which occurred on the last Sunday of March during all studied years. Our choice for 1 week length was based on the findings from earlier studies suggesting that for most individuals the adjustment to the new social time takes up to 5-7 days. 10 12 13 A larger proportion of pregnancies are likely to be conceived during vacation time than during non-vacation time. 36 To consider the possibility that differences between the number of deliveries in the exposure and in the control periods may be due to differences in vacation status at the time of conception (ie, summer vacation at the time of conception in case of deliveries around the spring shift, and winter vacation at the time of conception for those with deliveries around the end of September), we defined the primary control period as the week before and the week after the exposure period; the symmetric design increased comparability between the exposure and the control period also with respect to temperature and weather conditions. Nevertheless, to consider the possibility that the adjustment period takes more than 1 week, we also defined three secondary control periods: (1) the week that was 2 weeks before and the week that was 2 weeks after the exposure period, (2) the week that was 3 weeks before and the week that was 3 weeks after the exposure period and (3) the week that proceeded the exposure period (figure 1). For the years when the Easter Sunday-the only public holiday during MarchApril-was in the control period, we moved the control period 1 week further away in both directions from the exposure period (figure 1). The proportion of deliveries with missing information on the mode of delivery onset was 2.3% in the spring exposure period and 2.1% in the corresponding primary control period.
Autumn shift: The autumn exposure period was defined as the 7 days after the turn of the clocks 1 hour backward; this occurred on the last Sunday of September during 1993-1995 and on the last Sunday of October during 1996-2006. The primary and the secondary autumn control periods were defined as in case of the spring shift (figure 1). The proportion of deliveries with missing information on the mode of delivery onset was 1.7% in the autumn exposure period and 1.9% in the corresponding primary control period.
Outcomes
The primary outcomes were the weekly and the daily number of spontaneous deliveries in the exposure and the control periods. To further consider the possibility that differences between the number of deliveries in the exposure and in the control periods may be due to differences in vacation at the time of conception, we also compared the mean length of pregnancy of the women who delivered during the control and the exposure periods.
Gestational age was generally estimated using ultrasound scans performed early in the second trimester. 37 All pregnant women in Sweden are invited to attend this examination free of charge and ∼95% accept this offer. 38 When data from the ultrasound examination were not available, gestational age was estimated based on the last menstrual period. 37 Deliveries occurring before the completion of the 37th week of gestation were considered preterm.
Other variables Information on parity, maternal age at delivery and the number of fetuses at delivery was obtained from the Medical Birth Register.
Statistical analyses
To obtain incidence ratios (IRs), we divided the observed number of spontaneous deliveries after the DST shifts with their expected number. The expected number was the mean number of deliveries during the control periods before and after the shifts. The method suggested by Sun et al 39 was used to calculate 95% CIs for IRs. As the Sunday of the transition into DST is only 23 hours, we multiplied the observed number of deliveries for this day by 1.043 (ie, 24/23). Accordingly, we divided the number of deliveries on the Sunday of transition out of DST by 1.042 (ie, 25/24). In the primary analyses concerning the spring change we excluded the 3 years when the DST spring shift coincided with Easter Sunday (1997, 2002 and 2005) . However, we performed secondary analyses when deliveries during the years when the post-transition Sunday was on Easter Sunday were not excluded.
We conducted several stratified analyses to examine effect modification by (1) maternal age at delivery (<35 vs ≥35 years), (2) parity ( primiparous vs multiparous), (3) the number of fetuses in the pregnancy (singleton or twin delivery) and (4) in case of the autumn shift by year (1993-95, ie, when the shift was on the last Sunday in September vs 1996-2006, ie, when the shift was on the last Sunday of October). In addition, we performed analysis restricted to spontaneous preterm deliveries.
Mean gestational age for deliveries during the weeks after the transitions and during control periods were compared using independent sample t-tests.
RESULTS
Spring shift
The number of deliveries during the week after the transition into DST was similar to the mean number of deliveries in the week before and the week after this week (18 519.2 observed vs 18 433.5 expected; table 1). The corresponding IR and 95% CIs was 1.005 (0.990 to 1.019). The mean number of deliveries on specific days of the week did not substantially differ between the exposure and the primary control periods. Gestational age of the deliveries in the exposure and control period was also similar (table 2) .
Results were not substantially different (1) when deliveries during the years when the post-transition Sunday was on Easter Sunday were not excluded (data not shown), (2) when comparing the numbers (see online supplementary table 1) and the mean gestational age (data not shown) of the spontaneous deliveries in the exposure and the three secondary control periods. We found no evidence for effect modification by maternal age at delivery (<35 vs ≥35 years), parity ( primiparous vs multiparous) or the number of fetuses in the pregnancy (singleton vs multiple pregnancy) when comparing the number of deliveries in the exposure and the primary control period. When restricting analyses to spontaneous preterm deliveries, we observed no substantial difference in the number of deliveries in the exposure and the primary control period (see online supplementary table 2).
Autumn shift
The number of deliveries in the week following the transition out of DST was similar to the mean number of deliveries in the week before and the week after this week (19 072.9 observed vs 19 122.0 expected; table 3). The corresponding IR (95% CI) was 0.997 (0.983 to 1.012). We observed no consistent trend when looking separately at the different days after the shift.
The mean length of gestation of the deliveries was also similar with that of the deliveries on the corresponding weekdays in the control period (table 4) .
Results were similar to those from the primary analyses when comparing the number (see online supplementary table 3) and the mean gestational age (data not shown) of the spontaneous deliveries in the exposure period to that in the three secondary control periods. We found no evidence for effect modification by maternal age at delivery (<35 vs ≥35 years), parity ( primiparous vs multiparous) or the number of fetuses in the pregnancy (singleton vs multiple pregnancy) when comparing the number of deliveries in the exposure and the primary control period. Similarly, results from the main analysis were essentially the same when we compared the years when the autumn shift was on the last Sunday in September (1993-1995) with the years when the autumn shift was on the last Sunday in Table 1 Risk ratios comparing the number of spontaneous deliveries in the week after the transition into daylight saving time (spring) with the mean number of spontaneous deliveries in the week before and the week after this period October (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . When restricting analyses to spontaneous preterm deliveries, we observed no substantial difference in the number of deliveries in the exposure and the primary control period (see online supplementary table 4).
DISCUSSION
We found no differences in the number of spontaneous deliveries in the week following the transition into or out of DST compared to the mean number of spontaneous deliveries in the corresponding control periods. The mean gestational age for spontaneous deliveries during the exposure week was largely similar to those from the control period. We are not aware of any previous study analysing whether sleep disturbance may increase the short-term risk of spontaneous term delivery. In a case-crossover study, Hernández-Díaz et al 9 reported that disturbed sleep was 4.5-fold more common in the 24 hours before the onset of spontaneous preterm delivery than in the control period 48-72 hours earlier. One of the possible explanations for the discrepancy between the findings from our study and the earlier study is that sleep disruption was externally imposed in our study, while in the other investigation the sleep disturbance is likely to have been induced-at least for some women-by the symptoms of imminent preterm delivery. Second, the sleep disruptions the pregnant women involved in our study are likely to have experienced subsequent to the DST transitions are likely to have been milder than the sleep disturbance women reported in the study of Hernández-Díaz et al. 9 Although several investigations in predominantly non-pregnant samples suggest that the transition into and out of DST may disrupt the circadian rhythm for several days, 12 14-16 18 it is unclear whether these findings may be generalised to women in late pregnancy, a period characterised by important alterations in sleep patterns and neuroendocrine activity. Women's perception of stress 40 41 and their physiological reactivity to stress 42 may decrease with advancing pregnancy. 43 Furthermore, some women in our study may have already been on parental leave at the time of the studied transition and thus may have been less connected to social time and less affected by the DST shift than working individuals. 19 The possibility that there Table 3 Risk ratios comparing the number of spontaneous deliveries in the weeks after the transition out of daylight saving time (autumn) with the mean number of spontaneous deliveries in the week before and the week after this period may be a threshold effect between the activity of the hypothalamic-pituitary-adrenal (HPA)-axis and the acute risk of spontaneous delivery [44] [45] [46] and that a more severe chronobiological disruption than what we investigated may be important for triggering the onset of spontaneous delivery cannot be excluded.
The main strengths of our investigation are related to the design of the study and to the high quality of the data recorded in the Swedish Medical Birth Register. The shifts to and from DST may be regarded as natural experiments that allow investigating the acute effects of externally imposed modest circadian rhythm disruptions 10 11 on the cascade of events that may lead to the onset of spontaneous delivery. This design excludes the possibility of reverse causation, a potential problem in the only previous study investigating sleep disturbance as a trigger of spontaneous preterm birth. 9 Since the whole population was exposed at a certain timepoint, confounding by personal characteristics is not likely. Differences in weather conditions between exposure and control periods are likely to even out during the 14 years of the study period. The only factor-besides the disruption of the chronobiological rhythm-we could hypothesise to consistently affect the probability of delivery onset in the control week and exposure week is vacation status at the time of conception. Many Swedes start summer vacation in late June or early July, that is, ∼9 months prior the spring DST shift; conceptions are more likely to occur during the summer vacation than in other periods, as the highest number of children in Sweden are born during March, April and May. 36 Taking vacation in late December and early January, that is, 9 months before the clock shift in September, is also common in Sweden. Our primary analysis with the control weeks chosen symmetrically as close as possible to the exposure week suggested no consistent effect of DST on the number of spontaneous deliveries; furthermore, the length of gestation was not shorter for deliveries in the exposure week compared to any of the control weeks, that is, DST did not seem to bring the time of some deliveries forward. A second strength of our study is that the coverage of the Swedish Medical Birth Register is virtually complete, statistical power is enormous and we had the possibility to separate spontaneous from medically indicated deliveries.
Our study also has limitations. First, since information on sleep quantity and quality prior to delivery is not recorded, we do not know to what extent each studied woman was actually affected by the DST transition. Previous studies suggest that, though there is individual variation in the adaptation to DST shifts (depending on eg, age and chronotype), 10 16 the circadian rhythm adjustment to the new social time takes usually up to 5-7 days. 10 12 13 Second, we did not have information on circadian parameters related to the initiation of spontaneous delivery and duration of labour, thus we could not study whether DST shifts induced changes in the lightdark cycle may affect the circadian phasing and length of parturition. 47 Third, as we did not have information on the date of delivery onset, we used data on the date of delivery. We expect that the vast majority of women gave birth within 1 or 2 days from the onset of spontaneous labour or the rupture of membranes. This could have led to a potential delay and dilution of the observed effect of DST. Fourth, our findings may be generalised only to populations living at similar latitudes and with comparable sleep habits to those of the women included in our study. Some earlier investigations regarding the effect of DST shifts on for example, acute myocardial infarction suggest milder effects in Sweden than in countries at lower geographical latitudes. 11 20-22 Further studies are needed to investigate whether the effect of DST shifts on the risk of spontaneous delivery may vary by geographical latitude.
In conclusion, our findings do not support the hypothesis that a minor circadian rhythm disruption increases the short-term risk of spontaneous delivery. Further studies are needed to investigate whether more severe disturbances of the circadian rhythm may trigger spontaneous delivery.
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